RZT/Zprasidone T7/12/96

Table 1 (Cont)

Sumenary of CP-88.059 Protsin Binding Calculstons
ENect of Propranciol on CP-88,059 Plasma Protein Binding

Propranciol Concentration: © nﬂ;n_i; CP-883,059 Concentration 400 ng/mi

Human 01

Average

Human 02

Average

Human 83

Average

Cpe

{og/mh

207
207

207

219 -

214

217

212
230

221

e
{og/mh)

0.188
0.157

0.171

0.297
0.218

0.200
0.201

0.201

Vpe
{mi}

1.43
1.41

1.42

1.37
1.39

1.34
1.34

1.34

Vpi
(m)

1.00
1.00

1.00

1.00
1.00

1.00

1.00
1.00

1.00

A Zp.)
)

$9.94
99.95

99.90
99.93

99.93
99.93

Propranoiol Concentration: 50 ng/mi;

Human #1

Average

Human 82

, Average

Human 83

Average

Cpo Cde
fpg/ml} (na/mi}
246 0.183
243 0.196
244 0.190
248 0.164
257 0.169
252 0.167
245-. 0.164
258 0.183
252 0.174

CP-80,0590 Concentration 400 ng/mi

Vpe
{mt)

1.37
1.38

1.38

1.38
1.39

1.27
.33

1.30

Vpi
(mi)

1.00
1.00

1.00

1.00
1.00

1.00

1.00
1.00

1.00

Fo @Zip.)
%)
99.95
99.94
99.95

99.95
99.95

99.85
99.95

Propranciol Concentration:600 ng/mi;

Human &1

Average

Human #2

Average

Human 83

Cpe Cbe
{ng/mi) (og/(mi}
222 0.292
235 0.284
229 0.288
219 0.208
244 0.334
231 0.31¢
228 0.239

i Bf

CP-88,059 Concentration:400 ng/mi

- ot
« .
W
o w

.37

1.37

Vpi
{mi)

1.00
1.00

1.00

1.00
1.00

1.00

1.00

> Zo.)
[C3)

99.80
98.91

99.91

T 99.90
99.90

99.90

99.92

7354




Table 2

Summary of CP-83,059 Protein Binding Calkculations

Effect of CP-88,059 on Wartarin Piasma Protein Binding

CP-38,059 Concentration: 0 ng/ml; Warfarin Concentration: 7.4 ug/mt
DTe » 3 Vpe vpi Fb (Wartanin)
fio.2 0] e {mb imb i &
Human 91 22018 —_ 189 1.47 1.00 . 99.41
20173 147 1.44 1.00 90.49
Average 21096 168 1.48 1.00 99.45
Hurman 82 25546 244 1.45 1.00 99.34
24927 173 1.49 1.00 99.53
Average 25237 209 1.47 1.00 99.44
Human #3 26509 177 1.41 1.00 99.52
30234 176 1.25 1.00 99.54
Aversge 28372 177 1.33 1.00 99.53
CP-88,059 Concentration: 200 ng/m!; Warfarin Concentration: 7.4 ug/mi
) DTe oF Vpe Vpi Fb (Warlarin)
fi0...00] PV {mi) imb) %)
Human #1 26915 167 1.48 1.00 99.58
26393 181 1.45 1.00 99.61
Average 26654 159 1.47 1.00 99.60
Human #2 25703 520 139 7100 98.54
26069 170 1.49 1.00 99.56
Average 258086 345 1.44 1.00 $9.05
— . Human #3 26476 179 1.45 1.00 99.53
25336 197 1.51 1.00 $9.48
Average 25906 108 1.48 1.00 99.51
CP-88,059 Concentration: 400 ng/mi; Warfarin Concentration: 7.4 ug/mi
OTe [» J Vpe vpi Fb (Wartarin)
-- fie.5%] {10,511 {mi) {mh %)
Human €1 26211 160 1.44 ' 1.00 99.57
25955 150 1.47 1.00 99.60
Average 26083 188 1.48 1.00 99.59
Human 02 26615 223 1.43 1.00 99.41
25944 171 1.39 -~ 1.00 99.52 -
Average 28280 197 1.4% 1.00 99.47
Human #3 26919 180 1.42 1.00 99.53
26498 219 1.44 1.00 99.43
Average 26709 200 1.43 1.00 99.48

RZT/Zprasidone 7/12/96
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Table 2 (Cont)
Summary of CP-88,059 Protein Binding Calculations

ENect of CP-88,059 on Propranciol Plasma Protein Binding

Humen 81

Aversge

Human 62

Average

Human #3

hY
Average

DTe
oeM)

8141
8388

6484
es78

¢531

6363
6298

331

F
oenn

1143
964

1084

702
683

758
716

738

Vpe
(m

1.27
1.34

1.30

1.32
1.38

1.43
1.39

1.41

Vol
i)

1.00

1.00
1.00

1.00

1.00
1.00

1.00

CP-83,069 Concentration: 0 ng/mi; Propranoiol Concentration: 850 ng/mi

P> (Prop.)
%)

84.69
88.26

ss.48

91.58
p2.28

91.3¢9
91.87

91.48

Human #1

Average

Human #2

+ Average

Human €3

Average

DTe
ReM)

5901
5850

5926

6282

6206

6015
6188

6102

oF
oesn

735
760

747

618
627

639
663

st

Vpe
{mi}

1.50
1.54

1.52

1.41
1.42

1.41

1.49
1.47

1.48

Vpi
(ml)

1.00
1.00

1.00

1.00
1.00

1.00

CP-83,059 Concentration: 200 “ng/mi; Propranoiol Concentration: 50 ng/mi

> (Prop.)
%)

91.32
91.31

01.32

92.83
92.76

92.61
82.45

- CP-88,059 Concentrstion:

400 ng/mi; Propranciol Concentrstion: 50 ngiml

DTe oF Vpe Vpi P (Prop.)

fre.2 %1} {LPM) (mi) (mh) (%)

Human #1 5886 720 1.52 1.00 91.86
$801 1037 1.46 1.00 87.00

Average 5833 878 1.49 1.00 89.28
Human 02 6388 589 1.49 1.00 93.60
6272 578 1.46 1.00 93.50

Average €330 884 1.47 1.00 93.85
Human 3 6218 842 1.49 1.00 92.83
6106 891 1.49 1.00 89.74

Average 6162 766 1.49 1.00 91.20
20 176 0.00 0.00 2.18

RITZiprasidone 7/12/96
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Table 3

Binding of CP-88,059 to Human Albumin

Sample  [nitlal Plasma Conc, Cpe Cbe Recoyery Yol Vpa B
(ng/mil) (ng/ml) (ng/ml) (%) (ml) ~ (ml) (%)
1 .. 478 435 18.59 118.1 1.00 1.30 96.68
2 478 472 2.10 1214 1.00 1.23 99.684
3 478 434 11.34 90.8 1.00 1.00 97.39
4 478 469 5.12 124.8 1.00 1.27 99.14
Mean 452 9.29 113.7 1.00 1.20 98.21
s.D. 21 7.30 15.5 0.00 0.14 1.41
1
Binding of CP-88,059 to Human a-1 Acld Glycoprotein

Sampla [nitial Plasma Conc, Cpa ; Che Becovery Yol Ype B
{(ng/mi) (ng/mti) (ng/ml) (%) (ml) (ml) (%)
1 454 415 9.11 89.5 1.00 0.98 97.76
2 454 416 9.55 91.5 1.00 1.00 97.70

3 454 476 7.41 102.6 1.00 0.98 98.41
Mean 435 8.89 94.6 1.00 0.99 97.96
S.D. 35 1.13 7.1 0.00 0.01 0.39

RZT/CP-88,059 7112198




Study 015: (PK/PD-Akathisia, 40 mg QID vs 80 mg BID, Patients)
Study Design and Summary:

(see attachments l-;)

Results:.

(See attachments 4-23)

Reviewer’s Comments:

1. The major draw backs of this study are the small sample size (i.e., n= 3 or 4) and the high
variability in the data (attachments 4-11). Therefore, the data is inconclusive.

2. In general, the Cmaxs and AUCs are comparable after 40 mg QID and 80 mg BID
(attachment 3). However, on day 22, the Cmax and AUC were doubled after 80 mg dose
compared to 40 mg dose (attachment 18).

3. The relationship between the serum drug concentration and the degree of akathisia is not
conclusive, possibly, due to the small sample size (i.e., 3 and 4). However, it should be
noted that the mean number of lower limb movements appears to be significantly higher
in the treatment groups than the placebo group (attachment 19 and 23). In addition, there
is no apparent difference in the degree of sedation between the different treatment
sequences (attachment 21).

Conclusions:

1. Inconclusive data in terms of the PK/PD relationship due to the high variability and the
limited sample size (i.e., 3 and 4).

2. In general, the Cmaxs and AUCs after 40 mg QID are comparable to that after 80 mg
BID.
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128-015 STUDY REPORT Page 6

PROTOCOL 128-015: PHASE | DOUBLE-BLIND, PLACEBO-CONTROLLED
STUDY TO COMPARE THE PHARMACOKINETICS OF
CP-88,059 TO AKATHISIA EVALUATIONS FOLLOWING
80 MG BID OR 40 MG QID DOSING IN SUBJECTS WITH
CHRONIC OR SUBCHRONIC SCHIZOPHRENIA OR
SCHIZOAFFECTIVE DISORDER

Principal Investigators: S. Stahl, M.D., S. Preskom, M.D.
Study Publication: None.
Study Dates: 4 August 1993 - 30 December 1993

Study Objective: To evaluate the relationship between serum concentrations of
ziprasidone and the degree of akathisia in subjects with chronic or subchronic
schizophrenia or schizoaffective disorder receiving two different dosing reglmens
(40 mg QID or 80 mg BID).

Study Design: This was a 22 day, double blind, two-center, two-treatment, four-
__period crossover randomized study in subjects with chronic or subchronic
schizophrenia or schizoaffective disorder. The following chart illustrates the study
design and disposition of subjects:

i «0mg QID ' 0mgBD | ‘OngQID_i 80.mg BID |

: : -~ oo boos  Loome ssus
i SingleBlind ©  Single-Blind Es §$s : Sobjecs : s 38

]  Placebo Washout | Zipraridooe Run-in :

) Tie Sabjecn awpd

W | ®omgBD | OmgQD | 90mgBID | 40mgQD |

: : Is sobjecs hswics  3subjecs  D3Subjecs 13 Sudjers
Dey 4° Day 1° Dey 6 Day 10° Day 14 Day18  Day22* Day24*

* indicates laboratory tess were perforined

Now: Only the moming dose was © be given on day 22. In additon, subjects were inadvertently administered the
opposite formulation on day 22.

Evaluation Groups:

- Single Blind Run-in 40 mgQID 80 mg BID

Entered 14 ) 10
Commpleted 10 8 7
Discontinued 4 1 3
Analyzed for o
Pharmacokinetics 14 9 10
Analyzed for. :
Pharmacodynamics 14 9 10
Analyzed for Safety:
Adverse Events 14 9 10
Laboratory Tests® 14 - - -

* Laboratory tests were performed as scheduled for all subjects who received
Ziprasidone.
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Subjects: Male and female subjects diagnosed with chronic or subchronic
schizophrenia or schizoaffective disorder. Subjects ranged in age from 23 to
62 years. There were 12 male and 2 female subjects.

—

Drug Administration:
Dosage Form 20 mg ziprasidone capsules FiD# CS-90-031
Placebo capsules FID# BK-87-007
Dosing Subjects completing the 5-day single-blind washout period entered a

5-day. single-blind active treatment period. Each subject received
ziprasidone 20 mg BID on day 1, 40 mg BID on day 2, and 80 mg BID
for three days (days 3-5). The double-blind treatment period
consisted of 17 days. Subjects were randomly assigned, in equal
numbers, to one of the two treatment sequences by a computer-
generated randomization. During the double-blind legs, study drug
(ziprasidone and/or placebo) was administered 4 times dally with
meals (breakfast, lunch, dinner, and snack at bedtime) for a total of
21 days and only with breakfast on day 22. On day 22, subjects
were inadvertently administered the altemate dose from the
schedule.

Pharmacokinetic and Safety Evaluations: Serum concentrations were used to
estimate AUCo.12, Crax,» Tmax: Koty @nd Ty2 oOn days 1, 5, 9, 13, 17, 21, and 22.
Adverse events and laboratory tests were monitored. Assessments of extrapyramidal
system effects, akathisia, and abnomal movements were made daily at specified
times.

Analytical Methods:

Statistical Methods: Geometric means were calculated for AUCo,2 and Corux.
Arithmetic means were calculated for Tmex 8nd K. Mean T3z was calculated as
0.693/mean K. '

Safety Resuits: _

Ziprasidone —

Single Blind
Run-in

— (80 mg BID) 40 mg QID 80 mg BID
Treatment-emergent — 12/14 (2) /9 (1) 10/10 (1)
Adverse Events (All Causality) —
Treatment-emergent, Treatment-related 1114 77 9/10
Adverse Events
Clinically Significant 8/14 (0)* - -
Laboratory Abnormalities
( Subjects discontinued

“. Laboratory tests were pooled across treatments

€
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Pharmacokinetic Results: (values are Mean £ %CV)

Treatment Study Dose AUGC.12 T Ku Tz
Group Day Regimen _ n____(ngehrmi) (noﬂﬂl) _(hours) __(hr')  (hours)
SingleBind _ Dayl 20mg 14 298.0 £ 73 68535  6.1+66

Zprasidone ~ Day5 80mgBID 11 1668.4 £ 35 2466 £ 39 356 181

Group A° Dey9 40mgQD 6 . 1736430 40150°
_ 16675448 1565166° 36123°
Day1¥® BOmgBID 4 16552242 2370240 30438
Day177 4O0mgQD 3 1912240° 40:50°
_ 17420428° 1832129 30+ 0°
Day 21°__80mgBID 2 22668 400 57 7.0
Day2Z 40mg 2 633.0° 1126° 26 0058 128
Group B* Day® B0mgBID 4 14373362 1067358 75170
Day13 40mgQD 4 1602+33" 30138

_ 1738.9 £ 18° 1969+4°> 30+22°
_Day17 __80mg BID 3 16428430 2032437 60188

" Day21 40mgQiD 3 1642+5° 4.0+50°
12780+22° 1103433 93+25°
Day22 80mg 3 14900442 2332166 37+42 0.104 67

a - after first dose (0-6 hours)

b . after second dose (6-12 hours)

¢ - excludes Subject §57-0004 who had unusually low exposure

d . arithmetic mean (n=2) and no %CV calculated

8. Group A received Ziprasidone single blind on days 1-5; double-blind 40 mg QID on days 6-9, 14-16,
22; and double-blind 80 mg BID on days 10-13, 18-21. Group B received single blind ziprasidone on
days 1-5, double-blind 80 mg BID on days 6-9, 14-16, 22; and double-blind 40 mg QID on days 10-
13, 18-21.

Summary and Conclusions: In this limited number of subjects, the data suggested
that systemic éxposure to ziprasidone was similar for the 40 mg QID and 80 mg BID
__ dosage regimens based on AUC,.1» comparisons. Cmex Values were typically higher for
the BID dosing regimen. Tma values were generally variable throughout the study,
ranging from 2 to 12 hours.

The adverse event profiles were similar when subjects were taking ziprasidone

40 mg QID or 80 mg BID. Three subjects reported severe adverse events which
began during the single-blind ziprasidone run-in period (dystonia, asthenia,
somnolence, leg cramps). There were no serious adverse events reported during the
study.

Based on Bames’ scores, the incidence and severity of akathisia was similar between
40 mg QID and 80 mg BID treatments. Because of the varability of the data and the
limited number of subjects, no conclusions on the relationship between serum
ziprasidone concentrations and akathisia can be made.- No clinically significant
differences between treatment groups were apparent for extrapyramidal symptoms,
AIMS, or sedation.




Table 5.1

Ziprasidone Pharmacokinetic Parameters on Days 1 and 5
Ziprasidone Protocol 015

Day 1 20 mg bid

AUC(0-12) Cmax Tmax
SUBJECT GENDER __ CODE?3 {ngehr/ml) (ng/ml) (hr)
§57-0002 Male A
557-0004 Male A
557-0006 Male A
557-0007 Female A
- 5002-0014 Male A
557-0001 Male B
557-0003 Male B
5§57-0005 Male B
£57-0008 Female B
5002-0013 Male B
557-9003 Male C
§57-9015 Male C
557-9016 Male C
557-9017 Male C .
MEANP - 298.0 58.5 6.1
sD 216.8 20.7 4.0
CV% 73 35 66
Day 5 80 mg bid
AUC(0-12) Cmax Tmax
SUBJECT CODE?2 (ngehr/ml) (ng/ml) (hr)
5§57-0002 A
557-0004 A
557-0006 A
5§57-0007 A
5002-0014 A
557-0001 B
5§57-0003 B
557-0005 B
557-0008 B
5002-0013 B
§57-9016 C o _
MEANP 1668.4 2466 - 36
SD 590.0 95.4 29
CV% 35 39 81

2= Group A: 20 mg bid (day 1)-+40 mg bid (day 2)—80 mg bid (day 3 to 5)}—40 mg qid (days

PAGE 4

6-9)—80 mg bid (days 10-13) ~ 40 mg qid (days 14-17)—80 mg bid (days 18-21)=40mg -
morning dose on day 22

Group B: 20 mg bid (day 1)—40 mg bid (day 2)—»80 mg bid (day 3 to 5)—80 mg bid (days

6-9)-+40 mg qid (days 10-13)~+80 mg bid (days 14-17)—40 mg qid (days 18-21)—80 mg morning
dose on day 22. Group C: Did not enter the double-blind portion of the study.
b~ Geometric means are calculated for AUC(0-12) and Cmax.

Source Data: Appendix IV, Table 1
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Table 5.2

Ziprasidone Phammacokinetic Parameters in Group A2

Ziprasidone Protocol 015

PAGE 41

1o,

Day 9 40 mg gid
First Daily Dose Second Daily Dose )
Cmax Tmax Cmax Tmax AUC(0-12)
SUBJECT (ng/ml) (hr) (ng/mi) (hr) _(ng/mi)
557-0002 T T
557-0004
557-0006
557-0007
5002-0014
MEAND 173.6 4.0 156.5 3.6 1567.5
SD 68.0 2.0 103.4 22 759.5
CV% 39 50 66 23 48
Day 13 80 mg bid
AUC(0-12) Cmax Tmax
SUBJECT (ngehr/mi) (ng/mi) (hr)
§57-0002 o
557-0004
557-0006
557-0007
5002-0014
MEAND - 773.9 123.0 4.8
SD 13447 186.2 4.1
CV% 174 151 86
MEAND.C 1655.2 237.9 3.0
SD 688.4 94.4 1.2
CV% 42 40 38

= Group A: 20 mg bid (day 1)—40 mg bid (day 2)—80 mg bid (day 3 to 5)—40 mg qid

(days 6-9)—80 mg bid (days 10-13) — 40 mg qid (days 14-17)—80 mg bid (days 18-

standard deviation for Tmax.

21)—40 mg moming dose on day 22
= Geometric mean and standard deviation for Cmax and AUC(0-12); arithmetic mean and

€ = Excludes data for subject 557-0004.

Source Data: Appendix nv; Table 2

= Geometric means are calculated for AUC(0-12) and Cmax.




@ P-AGE 42 @ \

Table 5.2 (Cont'd)
Ziprasidone Pharmacokinetic Parameters in Group A3
Ziprasidone Protocol 015

Day 17 40 mg qid _ -
First Daily Dose Second Daily Dose:
Cmax Tmax Cmax Tmax AUC(0-12)
SUBJECT (ng/mi) (hr) {na/ml) (hn) (ng/mi)
557-0002 T s
557-0004
557-0007
5002-0014 _. .
MEANP 121.6 3.0 - 1354 3.0 1226.6
SD 116.9 2.6 88.0 2.0 905.6
CV% 96 86 65 22 74
MEAND.C 191.2 4.0 183.2 2.0 1742.9
SD 75.9 2.0 53.8 - 484.0
CV% 40 50 29 -~ 28
Day 18 80 mg '
AUC(0-12) Cmax Tmax Kel T1/2
SUBJECT __ (ngehr/mi) (ng/mi) (hr) (hr?) (hr)
557-00079

2= Group A: 20 mg bid (day 1)-»40 mg bid (day 2)—80 mg bid (day 3 to 5)—40 mg qid
(days 6-9)—»80 mg bid (days 10-13) — 40 mg qid (days 14-17)-»80mg bid
(days 18-21)—40 mg moming dose on day 22 ,

b - Geometric fnean and standard deviation for Cmax and AUC(0-12); arithmetic mean and
standard deviation for Tmax.

¢ = Excludes data for subject 557-0004.

d = Subject 557-007 received 80 mg on the moming of day 18 and was discontinued from the

study.
€ = Geometric means are calculated for AUC(0-12) and Cmax.

~—

Source Data: Appendix IV, Table 2
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Table 5.2 (Cont'd)
Ziprasidone Pharmacokinetic Parameters in Group A
Ziprasidone Protocol 015

Day 21 80 mg b‘id

PAGE 43
(2)

AUC(0-12) Cmax Tmax
SUBJECT _(ngehr/mi) (ng/mi) (hr)
557-0002
557-0004
50020014
MEAN2 14552 235.7 6.7
SD 1109.5 218.1 5.0
"CV% 76 93 75
MEANC 2266.8 4035 7.0
sD - - -
CV% - - -
---Day 22 40 mg
AUC(0-12) Cmax Tmax Kel T1/2
SUBJECT ___ (ngehr/mi) (ng/mi) (hr) (hr'l) (hr)
557-0002
557-0004
5002-0014 ..
-— MEAN2 2785 46.5 2.0 0.062 11.20
sD 429.3 74.1 1.7 0.021 -
CV% 154 159 87 35 -
MEANC 633.0 112.6 25 —0.054 12.8
sD - - - - -
CV% - - - - -

a = Geometric mean and standard deviation for AUC(0-12) and Cmax; arithmetic mean and

I

standard deviation for all other parameters except T1/2.
Caiculated as 0.693/mean Kel.

Arithmetic mean (N=2); data from Subject 557-004 excluded.
Geometric means are calculated for AUC(0-12) and Cmax.

ao6o
[ I 1}

y

Source Data: Appendix IV, Table 2. .




I PAGE 44
Table 6.3

Ziprasidone Pharmacokinetic Parameters in Group B2
Ziprasidone Protocol 015

Day 9 80 mg bid -
AUC(0-12) Cmax Tmax
SUBJECT (ngehr/mi) (ng/mi) (hr)
5§57-0001
§57-0003
5§57-0008
5002-0013 )
MEAND 1437.3 196.7 75
SD 887.7 1148 53
"CV%' 62 58 70
Day 13 40 mg qid
First Daily Dose Second Daily Dose
Cmax(0-6) Tmax(0-6) | Cmax(6-12) Tmax(6-12) | AUC(0-12)
SUBJECT (ng/ml) (hr) (ng/mi) (hr) (ngeht/ml)
557-0001 ]
557-0003
557-0008¢
- 5002-0013 _ ,
MEANC 159.2 3.0 196.9 3.0 1738.9
SD 52.9 1.2 7.0 2.0 312.8
CV% 33 38 4 22 18
Day 17 80 mg bid
SUBJECT . AUC(0-12) Cmax Tmax
{ngehr/ml) .__(ng/ml) (hr)
557-0001 T
5§57-0003
5002-0013
MEAND 1542.8 203.2 6.0
'SD 468.1 742 53
CV% 30 37 88

a = Group B: 20 mg bid (day 1)—40 mg bid (day 2)—+80 mg bid (day 3 to 5)—80 mg bid
(days 6-9)—40 mg qid (days 10-13)—80 mg bid (days 14-17)-40 mg qid
(days 18-21)—80 mg momning dose on day 22.

= Geometric mean and standard deviation for AUC(0-12) and Cmax; arithmetic mean and
standard deviation for ali other parameters. -

€ = Subject 557-0008 dropped from the study after day 13.
Source Data: Appendix IV, Table 3
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Table 5.3 (Cont'd) -
Ziprasidone Pharmacokinetic Parameters in Group B2
Ziprasidone Protocol 015

Day 21 40 mg qid
First Daily Dose Second Daily Dose C.
SUBJECT Cmax Tmax Cmax Tmax AUC(0-12)
(ng/mi) () (ng/ml) (hr) _(ngehr/mi)
557-0001
557-0003
5002-0013 _ _
MEAND 1542 4.0 110.3 33 1278.0
sD 82 2.0 36.0 2.3 - 283.8
CV% 5 50 33 25 22
Day 22 80 mg
AUC(0-12) Cmax Tmax Kel T2
SUBJECT __ (ngehvml) ___ (ng/mi) (hr) (hrl) (hr) _
557-0001
557-0003
50020013
MEAND 1490.0 2332 37 0.104 6.7¢
SD 620.6 131.0 1.5 0.047 -
CV% 42 56 42 45 -

a = Group B: 20 mg bid (day 1)—40 mg bid (day 2)—80 mg bid (day 3 to 5)-80 mg bid
(days 6-9)-40 mg qid (days 10-13)—80 mg bid (days 14-17)-—40 mg qid
(days 18-21)—-80 mg moming dose on day 22.
b= Geometric mean and standard deviation for AUC(0--=), Cmax; arithmetic mean and
— standard deviation for all other parameters except T1/2.
€= Calculated as 0.693/mean Kel. . )

Source Data: Appendix IV, Table 3
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Table 5.4.1
Mean Steady-Slate Ziprasidone Pharmacokinetic Parameters in Subjects Receiving a 80 mg lerasldone HCI BID Dosing Regimen

lerasldone Protocol 015
80 mg BID@
Group Aand B Group A Group A Group B Group B Group B
Day 6§ Day 13 Day 21 Day 9 Day 17 Day 22 Overall
AUC(0-12)

(n90hhn0
MEAN D 1668.4 1655.2 2266.8€ 1437.3 1542.8 1490.0 1676.8
sD §90.0 688.4 - 887.7 468.1 620.6 2754
CV% 35 42 -- 62 30 42 16

Cmax
(ng/ml) !

EAND 246.6 237.9 4035¢€ 196.7 203.2 233.2 253.5
SsD 95.4 94.4 - 114.8 742 131.0 . 656.7 |
CV%_ 39 40 - 58 37 56 26

Tmax '
B
MEAN 3.6 3.0 70¢ 7.50 6.0 37 5.1
SD 29 1.2 - 53 53 15 19
CV% 81 38 - 70 88 42 38
N 11 4 2 4 3 3 --

3= Group A: 20 mg bid (day 1)-40 mg bid (day 2)—80 mg bid (day 3 to 5)—;40 mg qid (days 6-9)—80 mg bid (days 10-13) —» 40 mg

qld (days 14-17)—80 mg bid (days 18-21)—40 mg morning dose on day 22
Group B: 20 mg bid (day 1)—40 mg bid (day 2)—80 mg bid (day 3 to 5)—80 mg bid (days 6-9)—40 mg qid (days 10-13)—80 mg

bid (days 14-17)—40 mg qid (days 18-21)—-80 mg morning dose on day 22. Group C: Did not complete entire study.

b
c
d

Source Data: Appendix IV, Tables 1, 2, and 3

Geometric mean and standard deviation for AUC(0-=) and Cmax; arithmetic mean and standard deviation for Tmax.

N of 2; arithmetic mean, no standard deviation calculated.
Geometric means are calculated for AUC(0-12) and Cmax.
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Table 5.4.2

Mean Steady-State Ziprasidone Pharmacokinetic Parameters in Subjects Receivmg a 40 mg Ziprasidone HCI QID Doslng Regimen

Ziprasidone Protocol 015

40mgQiba

P Group A Group A GroupB  GroupB '
e Day 9 Day 17 Day 13 Day 21 ~ Qverall
Aucg-iz) (ngevml) .
1567.5 1742.9 . 17389 1278.0 1452.8
SsD 759.5 484.0 312.8 283.8 241.3
CV% 48 28 : 18 22 17
First Dose E
Crnax (ng/ml) :
MEAN P 173.6 191.2 " 159.2 164.2 169.9
SD 68.0 75.9 52.9 8.2 16.3
CV% 39 - 40 : 33 5 10
Tmax (h)
MEAN P . 4.0 4.0 3.0 4.0 - 38
SD ( 2.0 2.0 . 1.2 2.0 1 0.5
CV% 50 50 . 38 50 13
Second Dose
Cmax (ng/ml) o
MEAN D 156.5 183.2 . 196.9 1103 . 161.7
SD ~{ 1034 53.8 7.0 36.0 41.7
CV% 66 29 4 33 26
Tmax (h)
b 3.6 20 3.0 3.2 3.0
SD : 22 - . 20 - . 07
- CV% : ;‘.f 23 -- 22 25; 23
- N ; 5 3 4 3 - :

\

a. rmﬁ A: 20 mg bid (day 1)-40 mg bid (day 2)-80 mg bid (day 3 to 5)-40 mg qid (days 6- 9) 580 mg bid (days 10-13) —
40 mg qld (days 14-17)-»80 mg bid (days 18-21)—40 mg morning dose on day 22 '
Group B: 20 mg bid (day 1)—+40 mg bid (day 2)—80 mg bid (day 3 to 5)~»80 mg bld (days 6-9)-240 mg qid (days 10-13)—80 mg
bid (days 14-17)—40 mg qid (days 18-21)~80 mg morning dose on day 22. Group C: Did not complete entire study.
b . Geometric mean and standard deviation for AUC(0-e) and Cmax; arithmetic mean and standard deviation for Tmax.

€= Geometric means are calculated for AUC(0-12) and Cmax.

Source Dala: Appendix IV, Tables 1,2, and 3
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Figure 1.1
Mean Serum Ziprasidone Concentrations on Day 1 Following Admmlslrauon of 20 mg Zupra5|done HCI
Ziprasidone Ptotocot 015 :
. e
80.0 - A
Error bars ropuunli +/- one standard devlallon
700 +
60.0 TL ‘F.'
T .
g 50.0 1 /
E o | : / \
€ 3
i 30.0 L
1 [/ -
200 + 1 1 .
100 4 1y j
0.0 + % . —+ +— + —+ \ ﬂ:
o‘ .2 4 (] 8 10 i 12,
i (] Time (hr)

Source Data: Appendix IV, Table 1
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Flgure 1.2

Mean Serum Ziprasidone Concentrations on Day 5 Following Administration of 80 mg Ziprasidone .

Ziprasidone Protocol 015
400.0 ¢ :
" Error b-r‘”l‘oph%onl +/- one standard deviation
350.0 + ;’
300.0 +
250.0 4+ l'

200.0 4

150.0 4

Serum Concentration (ng/mi)

100.0 1

50.0

004

Y

it + t
0,0 20 |, 4.0 6.0 -

‘ Time (hr)
P

Source Data: Appendix IV, Table 1
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- Figure 1.3

Mean Serum lerésldone Concentrations on Day 9 in Subjects Receiving Ziprasidone HCI for 22 Days
Ziprasidone Protocol 015 ‘ . ‘

3000 [, . i - L b

Error bar roproaonln_ono standard dovla'llon

250.0

T

-——Group A ) f
-+ @ --Qroup B !

+ ¢ —t + _— a— ' f
0.0 2.0 , 4.0 8.0 8.0 - 10.0 120

| 4, ' Time (h) i

Group A: 20 mg bid (day 1) = 40 mg bid (day 2) — 80 mg bid (day 310 5) — 40 m
14-17) — 80 mg bid (days 18-21) =40 mg morning dose on day 22 :

Group B: 20 mg bid (day 1) — 40 mg bid (day 2) — 80 mg bid (day 3 to 5) 80 mg bid (days 6-9) —» 40:mg qid (days 10-13) — 80 mg bid (days 14-
17) = 40 mg qid (days 18-21) — 80 mg morning dose on day 22 !

Source Data: Appendix IV, Tables 2 and 3 :

9 qid (days 6-9) ~ 80 mg bid (days 10-13) — 40 mg qid (days

S£39vd




Figure 1.4

i
Mean Serum Ziprasidone Concentrations on Day 13 in Subjects Receiving lerasldone HCl for 22 Days ‘
Ziprasidone Protocol 015 A :
25007-' ‘,. i : R §
Etror bar represenis ono slandard devialion '
200.0 1+

—&—Group A
--®--Qroup B |

+

—t —t + — | o 4
00 - 20 | 4.0 6.0 b

8.0 : 10.0 12.0 ‘
, Time (h) i !
i o : | |
Group A: 20 mg bid (day 1) — 40 mg bid (day 2) — 80 mg bid (day 3 to 5) — 40 mg qid (days 6-9) — 80 mg bid (days 10-13) = |
40 mg qid (days 14-17) — 80 mg bid (days 18-21) — 40 mg morning dose on day 22
Group B: 20 mg bid (day 1) — 40 mg bid (day 2) — 80 mg bid (day 3 to 5) 80 mg bid (days 6-9) — 40 mg qid (days 10-13) - 80 mg
|
|
l
|
l
|
1

bid (days 14-17) — 40 mg qid (days 18-21) — 80 mg morning dose on day 22
Source Data: Appendix [V, Tables 2 and 3
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Figure 1.5

Mean Serum Ziptasidone Concentrations on Day 17 in Subjects Flecelvlng Ziprasldone HCI for 22 Days
Ziprasidone Protocol 015

3000 v E‘ v ‘ , ‘ I
00.0 1' ” i ‘ bV
Error bar represents one standard devlation
2500 +
1
= 200.0 { - .
E f“-. :
' ‘ .I-.,. —e—Qroup A
E 150.0 T b ‘-.,_ . --®@-Qroup B,
R4 . Seo, \ — |
E .0 ........
LI
<
60.0 -—.-'
# { .
0.0 : x / ‘L — N At h.' o, 4 ‘
0.0 2.0 4.0 8.0 8.0 . 10.0 120
& : Time (h) i
| W '

Group A: 20 mg bid (day 1) — 40 mg bid (day 2) — 80 mg bid (day 3 to 5) — 40 mg qid (days 6-9) — 80 mg bid (days 10-13) —.
40 mg qid (days 14-17) — 80 mgbid (days 18-21) — 40 mg morning dose on day 22
Group B: 20 mg bid (day 1) — 40 mg bid (day 2) — 80 mg bid (day 3 to 5) 80 mg bid (days 6-9) — 40 mg qid (days 10-13) — 80 mg

bid (days 14-17) — 40 mg qid (days 18- 21) = 80 mg morning dose on day 22
Source Data: Appendix IV, Tables 2 and 3
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Figure 1.6

Mean Serum Ziprasidone Concentrations on Day 21 in Sub]ecls Receiving lerasldone HCI for 22 Days '
Ziprasidone Prolocql 015

5000 +

&

Error bar upruohll"é one standard deviatllon

4500 4
400.0 T

. ]

~350.0 1 _ .

s00.0 4

250.0 +

———Qroup A
«-@--Qroup B

200.0 +

Serum Concentration (hg/mi)

150.0 1

1000 +

50.0

0.0 4 4 et~ ¢ - —t 4 W
0.0 ;20 4.0 6.0 8.0 : 10.0 12.0

‘ ' . Time (h) i

| (]

Group A: 20 mg bid (day 1) — 40 mg bid (day 2) — 80 mg bid (day 3 to 5) — 40 mg qid (days 6-9) — 80 mg bid (days 10-13) —
40 mg qid (days 14-17) — 80 mgbid (days 18-21) — 40 mg morning dose on day 22

Group B: 20 mg bid (day 1) — 40 mg bid (day 2) — 80 mg bid (day 3 to 5) 80 mg bid (days 6-9) —+ 40 mg qid (days 10-13) —» 80 mg
bid (days 14-17) — 40 mg qid (days 18-21) — 80 mg morning dose on day 22

Source Data: Appendix IV, Tables 2 and 3
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— Figure 1.7 '
Mean Serum lerasldone Concentrations on Day 22 in Subjects Receiving lerasu:lone HCI tor 22 Days
Ziprasidone Protocol 015 :
400.0 ¢ . R

Error bar mpreunb ‘bne standard devialion

350.0 +

3000 +

2500 +

: :
T .,. oA ' '
1Y L] N .
K . ——0—=QGroup A
200.0 1 K . .
[ .‘ l : . --®-;Group 8 ,
. I ’
SR B , |
5 1600 + . .
<+ .: -‘l o \
o . }
100.0 4 ]" o
50.0 I :
‘. [ J
. ) " > |.|:“" e . . o ;‘ .
0.0 4 4 — - s HAASICCC =i e .
0. 0 5.0 10.0? 15.0 20.0 25.0 30.0 as5.0 - 40.0 45.0 50.0 i
‘“ , Time (h) ii

I

Group A: 20 mg bid (day 1) — 40 mg bid (day 2) — 80 mg bid (day 3 to 5) — 40 mg qid (days 6-9) — 80 mg bld (days 10-13) —

' 40 mg qid (days 14-17) — 80 mg bid (days 18-21) — 40 mg morning dose on day 22

Group B: 20 mg bid (day 1) — 40 mg bid (day 2) — 80 mg bid (day 3 to 5) 80 mg bid (days 6-9) — 40 mg qid (days 10-13) — 80 mg
bid (days 14-17) — 40 mg qid (days 18-21) — 80 mg morning dose on day 22

Source Data: Appendix IV, Tables 2 and 3
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Figure 5 : -
Mean Number of Lower Limb Movements by Dose ond Time Post Dose
Ziprasidone Protocol 01 5

Mean Number of Lower Limb Movements

(1)

274 . . 2 a"_u.
24

21

?' ¢ ' Hours Post Dose

# % ¢ M Ziprosidone 80mg, bid, eday 5,(n=11) e e Ziprasidone 40mg, qid, ®days 9,13,17 and 21,(n=16)
O O O Ziprasidone 80mg, bid, Odoys 9,13,17 and 21,(n=15) + « « SB Plocebo eday 0,(n=14)

® First doy of Ziprasidone dosing is doy 1
OID dosing was at 0, 6, 12 and 18 Hours post dose. BID dosing was at 0 and 12 hours post dose.
Source Data : Appendix lll, Tables 1.5 — 1.8 Date of Data Extrocltuon O9NOV95  Dote of Figure Generation : 15MAY96
) ' ! - !

|
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F»gure 6

Mean Number of Lower Limb Movements by Dose ond Day for Four Hours Post First Dose
anrosndone Pratocol 015

!
'|
|
l
.T oL 4 |
70 4 ‘ R | . | !
g 60 | | /x\ | "
: r M\
5 I\ i
g 50{ /\\ , A \
£ t ' Iy 1 ’
S 40 /\ ; / \\ II \ //. \
3 I\ | I , \ .
sel )\ A f \ .
5 /o [ / « ;o
£ [ ' / \ , l \ [
€ 204 \ [ 3 | | : | \ , ‘
2 \ /N / \ /
§ 10 / \ / NJ \ o V‘/'
- , ' N N P = -
= ‘ Ot \8;.'_;_-,—'(".- P 'b" o g— :I\.:\’*a;”.\\\4 L o ..o
Jo ..... e 'R ‘ T !
9 B ! ! r‘-j)“'-.- (R T T : iy T Y Y N Y L
6 Y 8 ’ 9 10 1 12 13 14 15 16 17 18 19 20 21
i ‘ | +Study Dox i

O O O Sequepce 1:
sse¢ Sequence 2: 80mg, bid —>40mg, qid —>80mg, bid ->40mg, qid
*First day of Ziprasidone dosing is doy 1. g

On days 10, 14, ond 18 subjects switched from qid to bid, or bid to qid therapy depending on the sequence
Date of Figure Generation : 12JUN96

Source Data : Appendix lll, Tables 1.3 and 1.4 Date of Data Extraction : O9NOVI5

)

40mg, gid -—>80mg, bid —>40mg, qid —>80mg, bid
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Figure 7

Mean Sedation by Dose and Day for Four Hours Post First Dose
Ziprosidone Protocol 015 l
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¢ : . *Study Doy ’
| ‘ ' i

0090 Sequ,elnce 1: 40mg, gid ~>80mg, bid ~>40mg, qid ->80mgq, bid
ee* Sequence 2: BOmg, bid ~>40mgq, qid ->80mgq, bid ->40mg, qid
+First day of Ziprasidone dosing is doy 1.
On doys 10, 14, ond 18 subjects switched from qid to bid, or bid lo gid therapy depending on the sequence
Source Dato : Appendix lil, Tables 2.3 and 2.4 Dole of Dato Extraction : 09NOVYS  Dote of Figure Generation : 12JUN96

!
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Figure 8

(¥

Mean Number of Lower Limb Movements by Dose and Time Post Dose
(Without Outlier: Subject #50020013)

Ziprasidoné Protocol 015

Meon Number of Lower Limb Movements

27 4
24
21 4
18
15-1

12

PR B

’ ; Hours Post Dose

'R Sg.Ziprosidone.BOmg. bid, ®day 5,(n=10) s e s Ziprasidoné 40mgq, qid, ®doys 9,13,17 and 21,(n=14)

O O O Ziprasidone B0mg, bid, edays 9,13,17 and 21,(n=13) + + + SB Plocebo eday 0,(n=13)

o First day of Ziprosidone dosing is day 1
QID dosing was ot 0, 6, 12 and 18 Hours post dose. BID dosing was at 0 and 12 hours post dose.

Source Data : Appendix lll, Tables 3.4 — 3.7 | Dote of Dato Extraction : 09NOV9S  Date of Figure Generation : 09JUL96 -
, i
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Figure 9

Mean Number of Lower Limb Movements by Dose and Day for Four Hours Post First Dose
(Without Outlier; Subject #50020013)
Zuprasudone Protocol 015

“aw

13 4 . _ -

4

12 - : .2
1 -

Mean Number of Lower Limb Movements

. \ '
o 7 L ¥ L Aj;:f’*l * b 1 ¥ : L -j ]
8 7 8 ‘ 9 10 1 12 13 14 . 15 18 17 ‘18 - 19 20 21
é, . «Study Doy. v

O O O Sequence 1: 40mg, qid —>80mg, bid ~>40mg, qid —>80mg, bid
eee Sequence 2: 80mg, bid —>40mgq, qid —>80mg. bid ->40mgq, qid
First day of Ziprasidone dosing is doy 1.
On days 10, 14, and 18 subjects switched from qid to bid, or bid to qid therapy depending on the sequence
Source Dato : Appendix Iil, Tobles 1.3 and 3.3  Dote of Dato Extraction : 09NOVSS  Date of Figure Generation : 12JUNS6
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Study 032: (Different Infusion Rates, 2.5 to 40 mg, patients)

Study Design and Sumaiary:

(see attachments 1-4)

Results:

(See attachments 5-20)

-,

Reviewer’s Comments:

L.

4.

Clearly the PK of the drug is linear within the tested IV doses in-this study (5 to 40 mg)
since the PK parameters (CL, Vd and half-life) remain constant and the Cmax and AUC
increased proportionally with the dose (attachments 5-8 and 10-13).

There is anti-clock hysteresis relationship between sedation and serum ziprasidone
concentration at 10, 20 and 40 mg dose levels (examples are shown for two subjects in

“attachments 14 and 15). This suggests a delay effect for the drug which can be due to

several facts such as delay in distribution or delivery to the site of action. However,
according to the sponsor, all the metabolites are inactive. No explanations were made by
the sponsor on this observed hysteresis relationship. In addition, there was relatively good
correlation between the observed and predicted sedation scores with the dose
(attachments 16-20).

The saliva/plasma ratio was extremely low (0.001 to 0. 025) which is consistent with its

" high degree of plasma protein binding (~99.9 %). No clear relatioaiship between the

plasma and the saliva concentration was observed (attachment 9{‘

The drqg_,appears to cause postural hypotension and tachycardia at the IV dose >10 mg.

Conclusions:.

1.

2.

The drug follows linear PK within the study dose range (5 and 40 mg)

g

-
In general, there is no clear relationship between the sedation and the serum
concentration.

The tolerable dose is 10 to 20 mg. .

58




128-032 STUDY REPORT SYNOPSIS. - Page 7

PROTOCOL 128-032 PHASE. | OPEN PILOT- STUDY TO EVALUATE THE
EFFECT OF THE INFUSION RATE AND DOSE ON THE
SAFETY, TOLERATION AND PHARMACOKINETICS OF
ZIPRASIDONE IN SUBJECTS WITH CHRONIC OR
SUBCHRONIC SCHIZOPHRENIA OR SCHIZQAFFECTIVE
DISORDER

Principal Investigator: S. Preskom, M.D.

Study Publication: None

-

Study Dates: 09 January 1995 - 22 March 1995

Study Objective: To explore the tolerability of various infusion l;tes of ziprasidone
and to detemine, for each infusion rate, whether sedation would occur in the absence
of clinically significant hypotension.

Study Design: This was an open non-randomized, 2- to 3- way crossover inpatient -

_study to evaluate ziprasidone pharmacokinetics and pharmacodynamics in the same
subjects. Various doses of ziprasidone were administered intravenously over 30
minutes under fasting conditions on 2to 3 separate dosing days. This study included
a 5-day washout period of previous neuroleptic treatment prior to each subject
receiving his/her first infusion of zaprasndone There was at least 3 days separating
each infusion.

Evaluation Groups:

Ziprasidone IV Infusion

10mg 20mg 40mg
Entered Study . .
Completed Study
Evaluated for Pharmaookinetics

Evaluated for Pharmacodynamics
Blood Pressure and Pulse Rate

NN

3

-

=
© s —

7

Sedation Evaluation = 7
Assessed for Safety - -
Adverse Events - 7

Laboratory Tests* 0

[+
O = -t oa .A-A..E

o™ o® oo
onN NN NN

® Laboratory tests were done only at screening and prior to the first dose, unless follow-up was required.

Subjects: Male or female subjects with chronic or subchronic schizoghrenia‘ or
schizoaffective disorder, between the ages of 38 and 50, inclusive. -~ %

—-—

Drug Administration:
Dosage Form

Ziprasidone for intravenous administration was supplied to the site at a concentration
of 0.05 mg/mi isotonic, pH 3.5, pyrogen-free aqueous solution. The volume of the
intravenous solution and infusion rate for each dose level is as follows:

i)




128-032 STUDY REPORT SYNOPSIS Page 8
Dose Level - Amount of IV Infusion Rate Duration of Infusion
(mg) -~ Solution (mf) - (mVmin) = {(min)

2.5 50 — 1.67 30

5 100 3.33 30

10 _ 200 6.67 - . 30

20 - 400 13.3 ~ 30

40 800 26.7 30

Dosing: Subjects who completed the washout period entered the active treatment

- period. -Two-or three doses of ziprasidone infused over 30 minutes were evaluated.

r

Each infusion was separated by at least 3 days. The first dose evaluated for each
subject was 10 mg. If at any time point up to 24 hours after dasjng a subject had
clinically significant and symptomatic orthostatic hypotension, ther succeeding dose
levels for this subject were serially decreased until this postural hypotension was no
longer observed or a maximum of two additional dose levels were evaluated. If no
dlinically significant and symptomatic postural hypotension was observed at the 10 mg
dose level for a subject, then succeeding dose levels for this subject were serially
increased until significant postural hypotension was observed or a maximum of two
additional dose levels were evaluated. The order of-the two possible altematives for
each subject are listed below:

(@) 10mg->5mg—2.5mg
(b) 10 mg - 20 mg — 40 mg

Pharmacokinetic and Safety Evaluations: Blood samples for determination of
serum ziprasidone concentrations were collected just prior to infusion and up to
36 hours after the start of each infusion. Saliva samples were collected just prior to
infusion and at 0.5 hours after the infusion. A subject self-evaluation for the presence
of sedation was performed prior to and iup to 24 hours after dnyg admlmstratlon
Subjects were monitored for adverse events and changes in vital sighs.

Analytlcal Methods

- -

Statistical Methods: Pharmacokinetic and safety results were summanzed uslng
descriptive statistics and graphical presentataons
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Pharmacokinetic Results:

Mean"+ Coefficients of Variation (CV%) of Pharmacokinetic Parameters

~Ziprasidone IV Infusion )

5 mg 10 mg 20mg . _40mg
, ) ‘Mean CV% Mean_CV% Mean CV% Mean ~ CV%
AUC(0)* (ngehr/mi) 247 438 27 855 33 1646 26
Cmax" (ng/mi) 113 218 19 360 21 621 42
Tmax (hr) 0.33 0.44 20 0.43 30 0.33 0
Kel® (1/hr) 0.150 0.201 4 0.193 51 0.125 9
T’ L 46 35 . 36 55
CL (ml/mln/kg) 3.6 5.1 51 - 5.4 59 39 - 11
Vdss (LUkg) ~ 0.9 1.1 13 1.2 20 1.2 12
a = Geometric means : ~ 7 '

b = Adjusted means are displayed for Kgi. =
¢ = Calculated as 0.693/mean K.

Safety Results:
Number of Subjects [With/Evaluated (Discontinued)]
S : _ j Ziprasidone 1V infusion
Findings Smg 10 mg 20 mg 40 mg
Adverse Events (All Causality) 1/1(0) 8/8(0) 777(3) : 2/2(0)

Adverse Events (Treatment- 0/1(0) 8/8(0) 777(3) 2/2(0)
emergent, Treatment-related) : .

() Subjects discontinued S
In the 20 mg group there were 2 subjects that completed the study as per protocol but did not continue
on to the 40 mg dosing because of adverse events.

~z
L 3

Summary and Conclusions: Following intravenous infusions of '5?}.0..20 and 40 mg

of ziprasidone=over 0.5 hours to eight subjects, exposure to drug as measured by

both AUC (o, and Cnax appeared to be proportional to dose. Systemic clearance and
volume of distribution were similar across this dose range with mean values of
5.0 mVmin/kg (mean range 2.7 to 12.0 mUminvkg) and 1.1 L/kg (mean range 0.8 to
1.6 Lkg), respectively. Tmax was similar across doses and generally occurred at the
end of the infusion. Terminal phase rate constants were similar across doses with
corresponding mean T, values ranging from approximately 4 to 6 hours..

Saliva concentrations determined at the end of the infusion (0.5 hour) rariged from
<0.1 to 9.4 ng/ml. The ratio of saliva concentration to the corresponding serum
concentration generally ranged from 0.001 to 0.025 (0.007+116%CV ng/ml, n=12).

For the majority of subjects, no clear relationship was apparent in the plots of the
change in sedation score from baseline versus observed ziprasidone serum
concentration by dose. Changes from baseline in standing vital signs did not have
any apparent direct or indirect relationship to the observed serum concentration.




128-032 STUDY REPORT SYNOPSIS - Page 10

The most frequently occurfing adverse event reported was somnolence, mild to
moderate in severity. There were no'severe or serious adverse eveots reported. Two
subjects in the 20 mg IV infusion group discontinued the study, one because of a
treatment-related event (tachycardia). Two subjects in the 20 mg IV Infusion
treatment group were discontinued from dosing due to postural hypotension-but were
considered to have completed the study. One subject in the 10 mg IV infusion group -
had a dosage reduction due to postural hypotension. -

In conclusion, multiple doses of ziprasidone given as an IV infusion over 30 minutes
were well tolerated at 5, 10, and 20 mg. These results indicate that rapid
. administratign of ziprasidone may be associated with a relatively rapid onset of
sedation, in the absence of clinically significant hypotension.




Table 6.1. Summary of Pharmacéklnotlc Parameters for Ziprasidone IV Infusion of an Aqueous Solution of Ziprasidone at Varlous
Infusion Ratos to Subjects with Chronle or Subchronic Schizophrenia or Schizoaffective Dlsorder.

Ziprasidone Protoeol nzs-osz-sn o :

»
Dose Rate AUC(0-o) AUMC(0-ee) Cmax Tmax Kel TR CL CL Vdss Vdss
(mg) _(mgh) _ (ngehr/mi) {ngehr/ml) (ng/mi) (hn) (')  (hr), (mUmin) (mi/minkg) (L) (Ukg)
6 10 - o
Mean' 10 20 438 1747 218 0.44 0.2(!)1 35 395 5.1 87.5 1.1
S.D. 118 1028 41 0.09 0.088 105 26 18.8 0.1
CV% 27 89 19 20 44 27 61 21 13
Mean® 20 4 855 3585 30 043 0193 36 407 5.4 943 12
S.D. 283 2258 76 0.13 0.099 126 32 246 0.2
CV% o
Mean’ 40 80 164.6 8627 621 0.33 0.125 6.6 T 412 39 123.8 1.2
S.D. ' 424 1833 259 ! 0.00 0.01t . 105 04 368 0.1
CV% 28 22 42 (] 9 26 11 29 12
All Doses : .
Mean’ i 0.42 0.186 .7 398 5.0 940 . 1.3
S.D. 0.10 0.085 105, 26 23.7 02
Cv% 25 4@ 26 - B2 25 17 |
); . o
I '

P & v

* Geomelric means and standard deviations are reported for AUC(0<), AUMC(0-=c) and Cmax.

£t 39vd




Table 5.2. Individual and Mean Pharmacokinetic Parameters Following an Approximately 0.5 Hour IV Infusion of Ziprasidone HCI
' at Varlous infusion Rates to Subjects with Chronic or Subchronic Schizophrenla or Schizoatfective Disorder.

Ziprasidone Protocol #128-032-572 g
Treatment : Dose Rale  AUC(0-=)  AUMC(0-s)

t

Subject - wt ‘ Cmax Tmax ~Kel ~ TR CL CL Vdss  Vdss
' (kg) Day (mg) (mgh) (ngehr/ml)  (ngehmly  (ng/ml) (h) (')  (hw)  (mimin) . (miminkg) (L) (Lkg)
6570008 93.0 4 [ 10 ‘ Tttt s == s T e
5570001 92.7 1 10 20

§570002 116.0 1 10 20

5570003 48.8 1 10 20 - -

§570004 85.6 1 10 20 \

5570005 88.2 1 10 20 ,

6570006 93.0 1 10 20

6570007 81.0 1 10 20

5570008 73.0 1 10 20

Maan® 84.6 S 436 1747 - 218 044 0201 36 398 X ‘876 1.1
S.D. 19.0 . 18 1028 41 009 0088 105 28 186 0.1
CV% 2 : 27 69 19 20 44 27 3] 21 13
5570001 2.7 4 20 40

§570002 115.0 4 20 40

§570003 48.6 4 20 40

5570004 85.5 4 20 40 |

6570005 88.2 4 20 40

5570007 81.0 4 20 40

5670008 73.0 4 . 20 40 )

Masan® 83.4 ' 855 3585 380 043 0193 36 407 6.4 843 12
S.D. 20.1 283 . 2258 78 0.13 0.099 1 128 32 246 02
cV% 24 D, 3 . 63 21 30 51 31 59 26 20
6570001 92.7 7 'o’v) “ 80 ' 8

6570002 116.0 7 0 ‘80

Moaan® !?.8 . 1646 8627 621 033 0125 5§ 412 39 1238 12
s.D. I 168 , 424 1933 259 000 0.011 108 - 0.4 58 01
CV% 16 20 22 42 0 9 2 1" 20 12

All Doses : .

Mean 042 019 37 ass 5.0 940 1.1
s.D. 0.10 009 105 28 237 02
CV% 25 46, 26 52 25 17

* Geomelric means and standard deviations are reported for AUC(0<<), AUMC(0-=) and Cmax.
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Table 5.3. Summary of Pharmacodynamic Parameters Obtained for the Relationship Between Change in Sedation Score and ]
Ziprasidone Effect Compartment Concentration Foliowing an Approximately 0.5 Hour IV Infuslon of Ziprasidone HCI at
Various Infusion Rates to Subjects with Chronic or Subchronic Schizophrenia or Schizoaffective Disorder.

N

Ziprasidone Protocol #128-032-572

|
]
S EC50 (ng/ml) Emax Qamma Keo (1/Mr) ‘
Subject Dose - Estimate StdEtror, Estimate StdError Estmate StdError Estimate StdError !
4 - (mg) |
5770001 10 102 5 48 3 a4 04 29 0.1 1
5770002 10 63 41 13 8 27 2.1 22 0.8 |
6770008 10 141 1115‘ . 82 1744. | 36 78 1.2 0.3 '
6770001 20 133 57 61 9 10.0 28.7 3.0 26 |
6770002 20 63 , 16 20 4 28 1.2 1.3 0.3 '
6770004 20 125 8 85 9 10,0 33 24 . 02 |
6770007 20 112 ‘38 27 6 38 29 38 29 g
6770008 20 520 1662" n ogg® - 19 09 20 03 I
6770001 4 160 13 79 4 Y 39 46 05 !

6770002 40 160 4 61 19 2.1 08 23 04 ) |
| ,i ' i
'|
' |
! !
- IR 1
% ‘A"('. ’ . ' A |

s ’.- ey owe [}
) i
| .

SE 39Vd
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Figure 1.1. Mean Serum leraslddne Concentrations Versus Time Following Administration of 5, 10, 20, and 40 mg IV Infusions over
0.5 Hour to Subjects with Chronic or Subchronic Schizophrenla or Schizoaffective Disorder.
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Table H.5.23.2 [Short Term) - Centrally Read 104,106

Change from Baseline to' Last Gbservation in ECG Readings )
Short-Term Fixed-Dose Placebo-Controlied Oral Oosing Phase I1/1]1 Studies I
By 810 Dose - Centrally Read Dats
. . Base Base Base Fina) final | Final Mean
Variable Treatment Groyp ‘3' N Mean Median Range Mean Median Lkange Change
------------------ l--.-...---..s..-.- '------~----.--.-.---o.v‘-'--v---v---v-v----v-v-----v--.----.--.-.a.-.---.-.-.-.-..-...
. ' (
*QTc 1nt (msec) Placebo 250 399.0 400.0 - ! 396.5 396.0 ~2.6
<40mg 810 230 396.9 396.0 ! 397.% 396.5 ! 0.6
40mg BID 138 397.6 396.5 403.4 404.0 { 5.9 .
60mg BID 111 398.0 398.0 405.7 404.0 ! .7 '
80mg BID 100 394.6 394.5 404.3 404.0 9.7
>-180n9 8lo U 402.7 403.0 409.1 412.0 6.4
Halopertdol 76 400.2 401.5 398.6 398.6 ~1.6
QT int (msec) Placebo 250 348.6 344.5 ! , 348.8 348.0 0.3 .
<40mg 810 230 354.6 357.0 1 350.2 350.5 -4.4 !
40ag 810 138 351.2 349.0 , 351.5 350.0 *0.3 .
60mg B1D 111 352.5 356.0 359.6 357.0 1.1
80mg BI0 100 352.4 351.0 3159.6 360.0 1.2
>=100mg 81D n 354.9 355.0 360.6 358.0 5.8
. Haloperidol 16 357.3 354.5 354.9 354.5 2.4 !
Heart Rate (bpm) Placebo 250 80.4 28.0 79.3 78.0 -1
<40mg BID 230 16.6 4.0 9.0 79.0 2.4
40mg BJ0 138 . 78.6 76.5 \ 80.8 ’9.0 2.2
60mg B]D 111 78.5 771.0 ! 28.3 8.0 -0.2
80m8 BID 100 16.7 75.0 27.1 76.5 0.4
>=100mg 81D 22 8.8 78.0 19.0 80.0 0.2
Nn}oparldol 76 76.8 75.5% 17.2 17.0 0.4
PR 1nt (msec) Placedo 250 149.2  148.0 148.9  146.0 -0.3 :
<40mg BID 230 148.8 147.0 ! 147.8 146.0 -1.0
40mg BID 138 148.4 146.0 146.5 146.0 -1.9
60mg 81D 11 149.2 146.0 148.3 145.0 -0.9

Protocols: 104.106,114,115
0 dose 1s modal gose ‘
*QTe fnt - QT int/SQRT(60/(Heary Rate))

114, 8 118

Page | of 2,

......................................

Baseline - Jast ECG taken before the first day of study treatment.

Final = 1ast ECo taken while on Study trestment or within six

Oste of cable generation: 210CT97

)

4
days after the last day of study treatment.

[ ;\




APPENDIX II

(Dosage Form Formulations)

“




(20, 40, 60, 80 and 100 mg)]

D.2.A Composition S
The.compositions of ziprasidone hydrochloride monohydrate capsules (20, ;0‘. 60, 80 and

* are as follows:

Component
(DFM #)

Reference

Function

20 mg

T Zipr;’sidone

Hydrochloride-
Monohydrate®

Lactose, Monohydrate ™
Pregelatinized Starch
Magnesium Stearate

Hard Gelatin, Locking
.Capsule Shell . -

TOTAL (mg/capsule)

Pfizer

NF
NF
NF

Pfizer

Active

Biue/White

Page 8

D.2 Drug Product [Ziprasidone Hydrochl'dn’de Monohydrate Capsules

Component
(DFM #)

Reference

Function

40mg | 60mg

80 mg

Ziprasidone Pfizer
Hydrochloride
Monohydrate®

Lactose, NF
Monofiydrate®

Prégelatinized NF
Starch

Magnesium NF
Stearate

Hard Gelatin, Pfizer
Locking '
Capsule Shell

TOTAL .

| (mg/capsule)

Active

Bilue

White

- -
_BluelWhitg_

Blue

150.0

225.0

300.0

3750

(a) Based on a theoretical potency factor of i
(b) The lactose, monohydrate weight is adjusted according to small potency changes in the ziprasidone
hydrochioride monohydrate in order to maintain a constant capsute weight.
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D.2.B Manufacturing and Packaging ' N
Ziprasidone hydrochloride monohydrate capsules will be manufactured, labelled and
packaged at the following site:

Pfizer Inc
630 Flushing Avenue
Brooklyn New York 11206

D.2.C sl:ecifications and Analytica! Methods

1. Components

The follownng compendial components are used in the manufacture oﬁz:prasudone
hydrochloride monohydrate capsules: =

Component Reference
Ziprasidone Hydrochloride Monohydrate Pfizer
Lactose, Monohydrate NF
Pregelatinized Starch NF
~Magnesium Stearate ~ e T "~ NF
Hard Gelatin, Locking Capsule Shell Pfizer

Specifications and test procedures for all components are provided or referenced in Section
31 B.2.

2. Drug Product

The rationale for the quality control methodology and the associated specifications for
Ziprasidone hydrochloride monohydrate capsules are presented in this Section 3 |Il B.5. Al
specifications remain in effect throughout the shelf life of the product. Ziprasidone
hydrochloride monohydrate capsules are assigned Pfizer Material Coie Numbers
FG-19612, -19614, -19616, -19618 and -19620 for the 20, 40 60,80.and. mg capsules,

" respectivély.

The a'pb'eamnce of the ziprasidone hydrochloride monohydrate capsules is determined by
visual inspection in order to ensure the physical integrity of the product. The color and size
of the capsule shells were chosen to allow drug product differentiation (between strengths).

The confirnation of identity of ziprasidone hydrochioride monohydrate capsules is achieved
by : _ is used because It is.ggecific to the
structural configuration of ziprasidone hydrochloride. The contents of the wpsule are
extracted and may be analyzed by -

The assay is performed by an _ procedure which has been chosen because it is
specific for ziprasidone in the presence of the excipients, drug substance impurities and
potential degradation products. The range of % of label claim is well precedented
for pharmaceutical products.

_The content uniformity of the product is determined using the data obtained by the

assay procedure. The criteria described in USP <905> are used to evaluate the data.

<2
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The water content of the dosage form is determined by The dosage
form is not hygroscopic and water does fiot affect product stabllrty The spectﬁcatlon of
% maximum is based on the data from manufacturing experience and stability studies.

The dissolution rate test for ziprasidone hydrochloride monohydrate capsules is a
test employing a proteolytic enzyme in the . tier to address the phenomenon of
“gelatin capsule cross-linking. Capsules are tested using a.

at . . rpm in a medium containing’ % sodium dodecylsulfate (SDS)
thermostatted at . *C. Test samples are assayed -

The conditions used to assess the dissolution rate of the capsules were developed to
address the specific properties of ziprasidone hydrochloride monohydrate. Additional

. information regarding the selection of the dissolution conditions may_be found in the
validation package attached to the analytical method (Drug Product Analytical Methods
Appendix) and in Section 3 lll B.5.3.

The presence of impurities in ziprasidone hydrochloride monohydrate capsules can be
attributed to two potential sources, drug substance process related impurities and
degradation products formed upon storage. Stability studies reported in the application
clearly rule out the possibility of any formation or increase in abundance of drug substance
process related impurities. - Therefore these materials are controlled at the drug substance
stage and not monitored in the drug product. The methodology and the
specifications applied to the drug products effectively monitor and control the abundance of
the specified degradant. A complete discussion and table detailing the source of the
potential impurities is provided in Section 3 11l B.5.1. CP-356,567 is a process related
impurity and the potential degradation product in ziprasidone hydrochloride monohydrate
capsules. Itis controlled in the drug substance specifications at  %. No significant
increase in CP-356,567 has been observed as a result of drug product manufacturc nnr.
throughout the drug product stability program. It is a degradant resulting only from aun......

treatment. The specification of. % CP-356,567 is applied over the shelf-life of
the product and is considered safe for administration to humans. based on the results of
drug safety studies. o vl

) Y

The level of unspecified degradants aliowed in the capsulesis % (€3ch).

A total. degradants limit of not more than % is applied to the product. This limit is based
on purity profile of the product as well as nonmal assay variations.

Analinical testing data on batches of ziprasidone hydrochloride monohydrate capsules are
presented in Section 3 Ill B.5.4. All batches conform to the specification requirements.
D.2.D Packaging . .

Ziprasidone hydrochloride monohydrate 20, 40, 60, 80 and . ssules will be
marketed in multiple container/ciosure systems. These Systems are 1)

" foil blisters.
D.2.E Stability

Ziprasidone hydrochloride monohydrate capsules stored up to - months show
exceptionally good stability over the wide range of packaging atematives and challenge

. conditions evaluated.




Study Design and Summary:
(see attachments 1-2)
Results: o [,

(See attachments 3-6)

-

Reviewer’s Conclusion:

The graph shown in attachment 3 which is generated from the data shown in attachment
4, of the original submission, clearly demonstrates that the QTc prolongation is dose
dependent. In patients with a placebo, there was a negative change in QTc (-2.6 msec)
and in the haloperidol group, a well know anti-psychotic drug, was only 0.2 msec.
However, in patients receiving ziprasidone, the mean change in QTc interval ranged from
4.0 to 12.1 as the dose increased from <40 mg BID to 100 mg BID.

|

Summary of Phase II-1I1 ECG (QTc) Data N -

In a subsequent submission dated November 13, 1997, the QTc data were further

analyzed by the sponsor. Overall, it was concluded that in the original submission the

observed dose dependent QTc prolongation was spurious which was due to the variability

and the imprecision in QTc measurements. However, attachment 5, which is generated

| from the new data (attachment 6), still shows a dose dependent prolongation in QTc

} interval. - , _ T
| :

| Based on the available data, it can be concluded that mprasxdone <causes dose dependent L
prolongatlon in QTc intervals. . S 3

- - T E—

59




change from baseline. Subjects recewmg either 80 mg or 2100 mg of Ziprasidone daily
demonstrated median decreases in standing heart rate of -2.0 bpm. Measurement of sitting
heart rate showed a median increase of 2.0 bpm among subjects receiving 40 mg ziprasidone
dally and a median decrease of -3.0 bpm among subjects receiving 80 mg ziprasidone dalily.

- Supine measurements of systolic and diastolic biood pressure showed median decreases of -

8.0 mmHg and -10.0 mmHg, with a 2.0 bpm increase in supine heart rate in subjects receiving -
60 mg BID of ziprasidone. Only small increases in body weight were observed across all doses
of ziprasidone (0.5 to 0.7 kg).

Table H.5.21d displays median changes from baseline to last observation in vital signs with
fespect to gender for STFDPC trials. There appear to be no cllnlcally meaningful differences
between males and females.

Table H.5.21e displays median changes from baseline to last ¢ obsewaﬂon in vital slgns with -
respect to age in STFDPC trials. Due to the small number of subjects aged 65 to 74 years, no
meaningful conclusions can be drawn from these data.

Table H.5.21f displays median changes from baseline to last observation in vital signs with
respect to race in STFDPC trials. There were no apparent clinically meaningful differences
noted.

Median éhéngé from baseline to last observation for STFDAC, maintenance, North American )
and non-North American studies are presented in Tables H.5.21g, H.5.21h and H.5.21j. There
are no remarkable findings. '

H.5.H ECG Data

Electrocardiograms were recorded in all Phase ll-lil trials. Tracings collected in most trials (and - --
in all STFDPC trials) were read at the site, and readings are recorded in the project database.
Other clifical trials employed off-site third-party reading of ECG tracings, and those results are
recorded in the project database. Tracings recorded in the 52-week placebo controlled Study _
303 were initially read on-site, then delivered to . -
" for blinded reading. The-data collected on-site aswell a.ﬁhe data provided by .
- are displayed in the 303 Study Report data listings, whilé that provided by
-~ has been summarized in 303 Study Report tables. This data has not been merged

with the project database, so that H.5.23 tables include separate displays for data provided by

1, which is excluded from other H.5.23 tables.

Arr{ong zZiprasidone treated subjects a mean increase in QTc¢ interval of 3.8 msec was noted in  _-

- ali oral Phase Il-ll trials (Table H.5.23a). In STFDPC trials this increase appears to be dose- <
3

related, with a maximum mean increase of 12.1 msec measured in the 77 subjects receiving
doses of 100 mg BID (Table H.5.23c). The mean increase was somewha?breater in females
than males (Table H.5.23d). There are no apparently meaningful differences by race

(Table H.5.23f). B

However, this mean increase is not apparem in Study 303, where little mean change was seen
in these ziprasidone-treated subjects (Section H.5.23m). In addition, no subjects in Study 303
exhibited a QTc interval of 500 msec or greater (Table H.5.22m).

Overall, the incidence of QT¢ prolongation to 500 msec or more was similar in ziprasidone-
treated subjects (0.8%) compared to those treated with haloperidol (1.0%) or placebo (1.2%;
Table H.5.22a). The proportion of female subjects reaching this threshold appeared to be
numerically greater than for males. Overall, including Study 303, there were no ziprasidone-
treated subjects and one placebo-treated subject with a QTc interval of at least 500 msec on
more than one occasion.

1




m None of the individuals who experienced syncop'e—' (N = 15 overall) were found to have a QTc¢ of
500 msec or greater.

A QTc interval of 500 msec or greater was measured on one occasion in 13 ziprasidone-treated
subjects (Table H.5.22a) (01505570008, 10105100053, 11506560038; 11506730408, -

- 11507210511, 116805560001, 116805770005, 116806040002, 116806850003, 116806690020,
30102190733, 10405210196, 11708480267). In these subjects, there were no adverse events -
experienced which would suggest that these QTc prolongations were of clinical significance (two
subjects with dizziness and one with dizziness and transient postural hypotension from Days 1-

3), and overall incidence in ziprasidone-treated subjects did not exceed that seen in controls.

L~ . - - '
Electrocardiographic data from all STFDPC trials was made available to Dr. e
o ; _. . a third party consultant. Dr. . after reviewing data
listings and tables, requested and was provided individual tragings.for overread. These data
were then entered into a new ECG database, used by Dr. to-support his report regarding -
the effect of ziprasidone upon the ECG. These tables and listings may be found with his report,
located in Appendix X of Section 8 of this application. It is the conclusion of Dr. that
ziprasidone has no clinically significant effect upon the ECG. )

Phase | Studies

None of the 75 subjects receiving ziprasidone or the 33 subjects receiving placebo in multiple-
dose clinical pharmacoiogy studies had QTc intervals greater than 500 msec in duration )
(Table H.5.22n). Overall mean increases from baseline in both QTc interval and heart rate were
observed in subjects receiving ziprasidone (9.2 msec and 4.5 bpm, respectively) or placebo '
(mean changes of 6.8 msec and 3.4 bpm, respectively) (Table H.5.23n). Similar mean

' \ . decreases in QT interval were observed in both treatment groups (ziprasidone: -4.7 msec;
placebo: -4.8 msec). Both treatment groups showed decreases in QRS interval (ziprasidone:
-1.4 msec; placebo: -3.0 msec) and subjects receiving ziprasidone showed a very small mean
decrease (-0.3 msec) in PR interval, whereas subjects receiving placebo showed no change. -

H.5.! Ophthalmology Data - - o o
An ophthalmology (including slit lamp) examination was r"eQuired ‘@mtocol In most long-term

clincialdrials. The incidence of clinically significant changes from baseline in ophthalmology
data in'Phase V1l studies was slightly greater in subjects receiving ziprasidone (8.0%) than
those receiving haloperidol (6.0%), risperidone (5.4%), or placebo (8.1%) (Table H.5.24a).
There was no particular pattem of abnormalities to suggest a toxic effect of ziprasidone upon

the eye (Appendix V, Table 11.2).

H.5.J Concomitant Medications o

Table H.5.25a lists all concomitant medications recorded by the lnvestiga?ors for all subjects
receiving ziprasidone or comparative agents in Phase i1/l clinical trials. The vast majority of
_subjects in this study population received concomitant medications, with no appreciable
differences across treatment groups (84.5% to 92.1%) in the overall proportion of subjects -
receiving concomitant medicationis. Approximately 80% of the 2140 subjects receiving
-.5,;.,‘ ziprasidone received a concomitant medication, most commonly hypnotics, sedatives, and -
=1, anxiolytics (70.2%).
i

H.5.K Medical History -

Table H.5.28a is a tabular presentation of the medical history of all subjeas enrolled in oral
dosing Phase Vil studies.
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Mean Change in QTc After Administration of Ziprasidone In' Phase II-lll

1 (From Table H.5.23c in the Original Submission)
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Table I1.5.23c : Page 1 of 2 E
nge from Baseline to Last Observation In €CG Read! 2&: . . Y !
Sho Tem leed Dose Ptocebo-Controlied Oral Dosing Phase 11/11) Studies ’ Y ‘
e LA e nnaean— e an—aaanans
. Base  Base Base Flnal  Final Final Mean l
Varlable Treatment Group N - Wean  Medlan Range Nean  Median Range Change
*Qlc Int (msec) Placebo 251 4113 409.0 . 408.6 407.8 2.6 : : I
<40mg 810 232 409.9 406.9 413.9 412.6 4.0 i
S0oq 81D o 09 94 Ga2 dise 73 Jors |
| t . . .
810 100 07.0 404.8 s a2 | 105 (&=
el 810 n 413.0 403 425.7 4222 122.1 i
Haloperidol 16 409.7 Mn.6 409.9 409.0 0.2 H
ar int (asec) Placebo 251 61.5  360.0 - 360.2 3600 1.3 ' ;
<40ag 810 212 366.7 368.0 365.2 362.5 -1.5 |
40mg BID 137 362.7 360.0 362.3 360.0 -0.4 :
60ag 810 m .363.9 362.0 369.1 364.0 5.2 ! !
810 100 + 363.3 364.0 370.8 369.0 1.6
el 8ID n 364.0 3600 s 20 10.5
Holopaeridol 76 366.1 363.5 365.7 364.0 -0.5° -
lfeart Rate (bpm) Placebo 251 ' 793 17.0 19.0 18.0 -0.3 -
. <4039 BID 232 16.4 15.0 18.6 19.0 2.2
40mq BID 137 8.6 7.0 80.5' 18.0 1.9
60ng 810 1l 18.4 18.0 8.9 18.0 0.5
810 100 76.8 5.8 7.3 6.0 0.5 i
>al 810 7 8.7 7.0 8.9, 19.0 0.2
Haloperidol 16 16.8 5.0 n.o 18.5 0.2
PR Int (msec) Placebo 251 150.6 151.0 1501.7  152.0 1.1
<40mg BID N 150.9 150.0 150.5 150.0 0.4
40mg BID 136 150.2 150.5 g 149.3 148.0 -0.9
60mg BID m 153.4 150.0 181.2 150.0 o2
brotecaiel o0 108" m'lis' R e PRI
810 dose Is modal d
*Qfc int « QV mc/smuao/(rmrc Rate)) b
Baselina » last ECG taken before the first day of treatme - ‘
Final « last ECG taken while on swoy treatment)o vl ln six ans arter the last day of study treatment. !
Date of toble generation: 1OFEB9T. ' . ’ '
' l.’
i "‘ L - - :
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Mean Change in QTc After Administration of Ziprasidone in Phase li-lil
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The information nagar&ing the selection of the proposed-dissolution

method is provided beiow and has been excerpted from Section 3,

Chemistry, Manutacturing and Controls (Section 3 iit B.5). -
.

APPEARS THIS WAY
ON ORIGINAL

APPEARS THIS WAY
ON ORIGINAL

225
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Qndusioﬁ'

The studies described above demonstrate that the proposed tvo tiered
dissolution test procedure, D 27.453, is a suitable procedure for
ziprasidone hydrochloride monohydrate capsules of all strengths for the
following reasons:

<e¢ The medium prwldés sink conditions for all capsule strengths of this
low. solubility drug substance.

s One procedure is applicable to all ziprasidone Hydroéﬁloride
monohydrate capsule strengths. b

* The test will not give misleading results for cross-linked gelatin
capsules. )

o The test allows setting a typical dissolution spécification for an
- - immediate release drug product with a low solubility drug substance, .

» The test provides good accuracy, reproducibility and robustness (see
validation data accompanying the test procedure).

* The test will discriminate against and allow rejection of aberrant
capsule lots. '

s,
PO
f'

.y




 APPENDIX III

(Dissolution Methodology and Specifications)
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based upon the degree of renal impairment is not required. In addition, ziprasidone
was not removed by dialysis.

Hepatic Impaimment - Although the presence of hepatic lmpalrment may be expected
to increase the AUC of ziprasidone, a multiple dose study of the effect of impaired
liver function in subject (n=13) with clinically significant (Child-Pugh Class A and B)
cirrhosis revealed little effect on the pharmacokinetics of ziprasidone (Protocol #030)
indicating that no dose adjustment is required in subjects with mild-to-moderate
hepatuc |mpa1rrnent

Age and.Gender - In a multiple dose study mvoMng 32 healthy subjects, there was
little ditference in the phamacokinetics of ziprasidone between men and women and
between elderiy (= 65 years) and young (18 to 45 years) subjects (F”rotocol #028).

Smoking_Status - In vitro studies utilizing human liver enzymes suggest that
ziprasidone is not a substrate for CYP1A2 (Section 2.E) and thus, smoking should not
have an effect on the phammacokinetics of ziprasidone. Consistent with these in vitro
results, pharmacokinetic screening of schizophrenic patients enrolled in Phase Il
clinical trials has not revealed any sngnlflcant pharmacokmetnc differences between
smokers and-non-smokers (Section 6.C.8) -- - .

Table2FsA*
Summary of Half-Life of Ziprasidone in Different Populations

Terminal Half-Life (hr)** 5
Subjects Age (yrs) N Me‘a\ Sth to 95th Full Range
Percentile
Heatthy Volunteers 18-45 §9 66 . 28-180 -
Healthy Volunteers 46-64 13 5.3
Eiderly Volunteers >65 - - 19 6.1 137-8.9
Schizophrenic Patients 2339 . .6 Ces T T
Cirrhdtic Patients 35-66 13 7.7 . oo
Renal Insufficiency 26-73 28 5.9 3.2.9.0
Patients

*  Source Data: Protocols #013, #015, #026, #028, #030, #049
** . Includes only mulliple dose fed studies of 40 mg/day or higher
*** N not sufficient {o define the 5th to 95th percentile range

F b A
2.F.5.B Bioequivalence xS A

A: >.of the various ziprasidone FID n b’ets and the corresponding
bioequivalence protocols is shown in Fiqure 2.F.5.A. On a mg basis, the 20 mg
commercial capsules (FID #QC2327 and #QC2213 [only capsule color difference with
#QC2327]) are bioequivalent to the 20 mg research capsules (FID #CS-90-031); the
40 mg commercial capsules (FID #QC2214) are bioequivalent to the 20 mg
commercial capsules (FID #QC2327);" and the 60 mg commercial capsules
. (FID #QC2337), 80 mg commercial capsules (FID #QC2338) .
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_ ; are prepared from the same common blend as the 40 mg
commercial capsules.

Figure 2.F.5.A \/ _— .
Chart of Ziprasidone FID Numbers T
CS-90-031 | Ppotocol #0335 | QC2213QC2327/G00513AB® | Protocol #047 | Q2214 -
20 mg RC' 20 mg CC? — *l4aomgcc?
- ) : Common Blend I
QC2337 60 mg CC?
- : oczasa ao mg CC?
Resea:d\ capsule
*Commercial capsule

3QC2327 and GOOS13AB differ rom QC2213 only by capsule oolor
'2.F.5.C Drug Interactions

\/ Effect of other drugs on Ziprasidone - Agents that may induce CYP3A4 (e.g.
S "~ carbamazepine) may increase ziprasidone metabolic clearance. Inhibitors of CYP3A4
- (e.g. cimetidine, ketoconazole) could potentially inhibit ziprasidone elimination.

' Carbamazepine - Carbamazepine therapy (200 mg bi‘d) resulted in a small decrease
‘ ~ (< 40%) in the AUC and Cmax of ziprasidone (Protocol #049).

Cimetidine - Multiple doses of cimetidine (800 mg) did not affect the oral bioavailability .
of ziprasidone (Protocol #039). This finding is expected as ziprasidone can be -
metabolized by an altemate pathway that is not mediated by CYP3A4. : o

Antacids - Multiple doses of aluminum- and magnesuum-contalmng antacids did not e

affect the oral bioavailability of znprasidone (Protocol #039) :—.‘
_- Benztropine, Propranolol and - Lorazepam - Phamacokinefic  screening of
schizophrenic patients enrolled in Phase Il-lll clinical studies has not revealed

evidence of clinically significant pharmacokinetic interaction of Ziprasidone with these
drugs.

"2.F.6 Dissolution




Figure 1.6. Individual Sallva Ziprasidone Concentrations vs Serum Concentration Following Following an Approximately 0.5 Hour IV
Infusion of Ziprasidone HCI at Varlous infusion Rates to Subjects with Chronlc or Subchronic Schizophrenla or

Schlzoaﬂoctlvo Disorder.

Ziprasidone Protocol #128-032-572
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Figure 1.7. Comparison of Indlvidual AUC(0-c) Values versus Dose Following an Approximately 0.5 Hour IV Infusion of Ziprasidone
HCI at Varlous Infusion Rates to Subjects with Chronic or Subchronic Schizophrenia or Schizoatfective Disorder.

Ziprasidone Protocol #128-032-572
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Q Figure 1.8. Comparison of Individual Cmax Values versus Dose Following an Approximately 0.5 Hour IV Infuslon of Ziprasidone HCI at
. Varlous Infusion Rates to Subjects with Chronic or Subchronic Schizophrenla or Schizoaffective Disorder.
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Ziprasidone HCI at Varlous Infusion Rates to Subjects with Chronic or Subchronic Schizophrenia or Schizoatfective

Disorder. ‘

leraq'ldpno Protocol #128-032-572

Figure 1.9. Comparison of Indlvidual CL Values versus Dose by Subject Following Following an Approximately 0.6 Hour IV Infusion of ;
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Figure 1.10. Comparison of individual Vdss Values versus Dose by Subject Following Following an Approximately 0.5 Hour IV

Vdss (Lxg)

Infusion of Ziprasidone HCI at Varlous Infusion Rates to Subjects with Chronic or Subchronic Schizophrenia or
Schizoatfective Disorder. ,

Ziprasidone Protocol #128-032-572
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Ziprasidone Protocol #128-032-572
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@ Figure 1.12. Sedation Change from Baseline (SECB) versus Observed lefasldono Serum Concentration (ng/ml) by Dose (mg) for
Subject 5570002. ‘

Ziprasidone Protocol #128-032-572
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T~ Figure 1.19. Observed and Predicted Standing Sedation Score Change from Baseline (SECB) versus Predicted Ziprasidone Effect

Compartment Concentration (Ce) (ng/mi) by Dose (mg) for Subject 5570001 .
Zlprasidone Protocol #128-032-572 “
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— Figure 1.20. Observed and Predicted Sthndlng Sedation Score Change from Baseline (SECB) versus Predicted Ziprasidone Effect
Compartment Concentratlon (Ce) (ng/ml) by Dose (mg) for Subject 6570002. '

Ziprasidone Protocol #128-032-572
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Figure 1.22.

40

Observed and Predicted Standing Sedation Score Change from Baseline (SECB) versus Predicted Ziprasidone Etffect

Compartment Concentration (Ce) (ng/ml) by Dose (mg) for Subject §570007.

Ziprasidone Protocol #128-032-672
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Figure 1.23. Observed and Predicted Standing Sedation Score Change from Baseline (SECB) versus Predicted Ziprasidone Effect |
Compartment Concentration (Ce) (ng/ml) by Dose (mg) for Subject §570008.

Zlprasidone Protocol #128-032-572
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APPENDIX IV

(Analytical Methodology)
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MR |6 1998 R 1 8 1909,
Office of Clinical Pharmaéology and Biopharmaceutics (dCPB)
Review
NDA: 20-825 - - B Submission Date: -
February 27, 1998
Compou_nd: _ . Ziprasidone _ Capsules -
Sponsor: Pfizer, Inc. | | | -
Type‘ of Submigsion: - Supplemental Data on In-Vitro Dissolution
Reviewer: i | Sayed Al-Habet, Ph.D. o
- Date of Review: March 11, 1998 ) -
Background:

Pfizer, Inc. has submitted for review data related to in-vitro dissolution of ziprasidone capsules.
The supplement includes the individual data on &l to-be marketed capsule strengths and a
justification for. - the dissolution media (attachment 1).

It should also be noted that the sponsor had faxed these information to OCPB which were
presented at ziprasidone briefing. In addition, the dlssolutxon specification was based on the
attached data for the individual capsules. : :

Recommendation:

e 4
-~

The data and the, justifications included in-this supplement were Touxid?cceptable. No further
action is necessary. '

Reviewer /
o °/ Yondh 1,19
Sayed Al- abet, Ph.D. N R
Division of Pharmaceutical Evaluation I

‘/ .
RD/FT Initialed by R. Baweja, Ph.is. |- S’ _3,1/ ¢,

cc: NDA # 20-825, HFD-120, HFD-860 (Al-Habet, Baweja, Malmowskl) Drug file (Barbara
Murphy, Central Document Room)




ATTACHMENT 1

A Erchmmor |

Information requested by Dr. Al-Habet of FDA in a teleconference with

C. Ritrovato of Pfizer 1/27/98.

Information includes: 1) Correlation of Lot Numbers to Formulation Identification
_Numbers and 2) Dissolution Data for lots of Zeldox research capsules
manufactured by FID # CS-90-031 '

APPEARS
ON 0Ry

THIS way

o




Pharmacokinetic Reviewer's Comment #1: (Communicated dunng a telephone
conversation with C. Ritrovato of Pfizer)

The reviewer would like to receive something in writing showing the correlation between
lot numbers and QC numbers (i.e. N5246 = QC2327). A few sentences explaining how
these codes correlate would be-helpful as well: For example, us it always a 1:1
correlation or can one N equate to multiply QCs etc.

Pfizer Response:

"As requested the following is a brief summary of the lot number / Formulation
Identification system employed at Pfizer. Also provided is a table linking the assigned
material lot number to the respective Formulation Identification Number (FID#) and
Code Number for the Dissolution data presented in the response to the Pharmacokinetic
Revie\ger. dated January 20, 1998.

Every batch of formulated product manufactured at Pfizer is assnghed a discreet lot

" number. The terminology used in assigning lot numbers varigs from Pfizer site to site.
Specifically, the Groton site will utilize . ' to assign lot numbers. The Pfizer _
Brooklyn site will utilize . * prefix to assign lot numbers. -

Each lot will be manufactured according to a specific manufactun’ng process which is
identified according to a specific FID Number or QC Code Number. As with differences
in lot number terminology from site to site, there are also differences in terminology
used to identify manufacturing processes. Specifically, the Groton site will identify a
given manufacturing process according to a FID Number. The Brooklyn site will Identlfy
a manufacturing process accondmg to a QC Code Number.

In cases where manufacturing process technology is transferred from one site to
another, a unique Brooklyn QC Code Number would be assigned and considered
equnvalent to a Groton FID Number. (Note that these capsules are designated with an

* prefix which indicates that they were all manufactured at our Brooklyn manufactunng
site).

The following is a table linking the Lot Number to the respecuve QC Code Number and --

~equnvalent FID Number. . :&__
Formulation Description ‘Lot# QC Code # FID#
- 20 mg Capsules N5246 QC2327 GO00513AA
'.40 mg Capsuleé. N5086 QC2214 GO00514AA
80 mg Capsules N5235 _ QCZf{I GO00714AA
80 mg Capsules ' N5248 QC2338 GO00356AB

-—




Pharmacokinetic Reviewer's Comment #2: (Communicated dunng a telephone
conversation with C. Ritrovato of Pfizer)

The second request was in regard to lots of Research Capsules manufactured
according to Formulation identification Number CS-90-031. The reviewer would like to
receive dissolution data for-lots manufactured-according to this manufacturing process.
He noted that research capsules manufactured by this FID Number were used rather
frequently in our B/E studies.

Pfizer Resgonsé:

Research Capsules manufactured according to Formulation Identification Number
CS-90-031 contain the same excipients as those contained in the proposed commercial
formulation. However, research capsules manufactured according to Formulation
Identrf catlon Number CS-90-031 were manufactured by \ _

- employed in the manufacture of the proposed commercial
supplies. e
The following is the dissolution data for two lots of research capsules manufactured
according to Formulation Identification Number CS-90-031. This data was provided in
Attachment E of the Human Pharmacokinetic and Bioavailability Section in the initial
NDA Filing (as a mean value with a range).

"20 mg Capsules; Lot ED-G-124-593 / FID# CS-90-031
Percent of Labeled Potency Dissolved

(Q@ min:Avg= % /Range ( )
Capsule # 15 min 30 min 45 min _ 60 min.
2
3
4 o
N _6" . T i —
=




pfizer Response: (Continued)
20 mg Capsules D-G-086-295 | FAD# Cs-80-031
percent of abeled Potency Dissolved
Qe min. = % /Range -~ T

Capsule # 15 min 30 min 45 min 60 min
1 AL 2
2 -
3 it —
4 ‘
5 '
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Attachment #2

. - - Ty .
Information requested by Raman Baewja of FDA in a teleconference with D. Casey
of Pfizer during a teleconference on 3a98.

Iinformation includes: Mean and Individual dissolution data points for stressed vs.
Non-stressed capsules , "
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Pharmacokinetic Revlower’s Comment #3: (Communicated durlng a telephone
conversation with Dennis Casey of Pfizer

The reviewer requested dissolution data for the Dissolution Rate Profiles provided in
Attachment E, page 61, of the Human Pharmacokinetic and Bioavailability Section in
the initial NDA Filing (pg. 61; Dissolution Rate Profiles provided to aide in review).

-

Pfizer Response:

The following s the requested dissolution data for the Dissolution Profile Plots provided
-in Attachment E, page 61, of the Human Pharmacokinetic and Bioavailability Section in
the initial NDA Filing.

- 40 mg Capsules; Lot N60S2/ Qc. Code # QC2414
Percent of Labeled Potency DisSolved

. Non-stressed .
Q@ min: Avg =_"%/Range{ . )
Capsule # 15 min 30 min 45 min 60 min
1. T T
o
3
4
5
6
40 mg Capsules; Lot N6092/ QC Code # QC 2414
Percent of Labeled Potency Dnssolved
_ ' Stressed " LR
- (Q @ © nini Avg= 5/ Ra_nge (T
Capsule # 15 min 30 min 45 min 60 min
1
:25 =
1 -
5
6 -




4

//, I
pfizer Response: '(Cmtinued)
40 mg Capsules. Lot QcC Code #2414
percent ofLa led Potency Dissolved "
) ) Stress -
Qe min: AVg = Y ! Rrange {
F=
2
3
4
A ' | ’
PPEARS THIS WAY |

ON ORIGINAL




Attachment #3

. M. .
Information requested by Dr. Raman Baewja of FDA in a teleconference with
D. Casey of Pfizer on 2/3/98. LV

lnformatlon includes: Request from FDA District inspector
as a result of a facilities inspection at the Pfizer Brooklyn site.
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